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ABSTRACT 
This paper reports on results of an application of a genetic algorithm to the optimisation of a large UK Coal Mine Ventilation 
Network. The genetic algorithm technique has been developed into a computer program for minimising the total network 
operating fan power costs. 
The application of booster fans may become an attractive alternative for ventilation engineers to provide an adequate 
supply of fresh air around the working areas in some deep and/or extensive mines. The objective of this research is to mini-
mise the total power consumption of a ventilation system by determining the optimum combinations of ( 1) main fan and 
booster fans ratings and (2) booster fan position(s). 
A modular computer program, which combines the application of the genetic algorithm optimisation technique together 
with a ventilation network simulator, has been developed using the C++ language. The ventilation network simulator uses the 
standard hardy-cross iterative scheme implicit within the VNET mine ventilation software that was developed at the Univer-
sity of Nottingham (McPherson, 1966). 
This paper presents detail of a study on an extensive UK coal mine ventilation network. The ventilation of this network 
is investigated using various configurations - a single main surface fan, or a main surface fan with either a single, two or three 
underground booster fans. The paper highlights the major genetic operators that are used to evolve the optimum solution. It is 
concluded that the genetic algoritlun approach is an efficient and flexible solution method. 
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Genetic Algorithms, Ventilation Network, Operating Costs, Energy Efficiency, and Booster Fan. 
INTRODUCTION 
The principal objective of a mine ventilation system is to 
provide a safe and comfortable environment in all working 
areas of an underground mine. Recent developments in ven-
tilation network analysis have demonstrated that the total 
power consumed by a mine ventilation system may be 
minimised by the selective positioning and rating of booster 
fans and regulators. In order to ascertain the optimum sys-
tem configuration, the ideal duty and location of fans and 
regulators must be determined. Mine networks are dy-namic 
Processes, which alter their configuration as the exploitation 
of the mineral takes place. Therefore it is desirable to have a 
flexible solution method which may systematically identify 
optimal and practical mine ventilation system configurations 
as the mine develops. 
In recent years there have been a series of studies which 
have employed a number of mathematical solution tech-
~ques to identify the optimal airflow distribution and the 
Ideal location and duty of installed fans and regulators 
(Calizaya, eta/., 1987and 1988; Moll and Lowndes, 1994). 
The derivation and interpretation of these solutions are often 
complex. Alternative optimisation techniques, based upon 
genetic algorithm, have been developed at the University of 
Nottingham (Yang, eta/. , 1998a, 1998b). The methods have 
the capability to search large spaces and converge quickly to 
optimal solutions 
The paper discusses the application of genetic algo-
rithm techniques to an extensive U.K. coal mine ventilation 
system and outlines the coding of the system variables 
which is required by the method. 
THE APPLICATION OF UNDERGROUND FANS 
In deep and/or extensive mines where working areas have 
become remote from tl1e surface connections the pressure 
required to be developed by the main surface fan(s) in order 
to maintain adequate face airflows might become excessive. 
This increase in pressure development across the mine may 
produce an increase in the airflow across leakage paths and 
thus increase the operating cost of the ventilation system. In 
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some cases, these high main fan ventilation pressures may 
create problems at the surface airlock due to the transfer of 
personnel, mined mineral and materials. For these reasons, 
the application of booster fans has become one of the at-
tractive alternatives for ventilation engineers. Booster fans 
have been widely employed in the US noncoal mines 
(Hartman, eta/., 1997). In 1994, 25% of all power supplied 
to ventilation system in UK coal collieries was generated by 
underground booster fans (Moll and Lowndes, 1994 ). 
Unlike the main fan(s) which handle all of the mine air, 
a booster fan may handle only a portion of the total air in the 
ventilation network in support of the main fan(s). The pri-
mary objectives of booster fans are: 
• to supply adequate airflow in working areas that 
are difficult or uneconomic to ventilate by main 
fan(s) alone. 
• to overcome the excessive pressure loss experi 
enced high-resistance splits of a network; thus 
minimising the pressure development required of 
the main fan(s) . 
• to reduce or balance pressure differences across 
leakage paths and thus min.itnise the air loss across 
these paths. 
The installation of booster fans, if properly located, moni-
tored and maintained has become an energy efficient solu-
tion method to maintain large and e:x1ensive ventilation 
systems. Booster fans can produce significant operating cost 
savings when compared to solely main fan ventilated sys-
tems. The use of booster fans may also create an im-
provement in the environmental conditions e:x,erienced at 
working areas. 
PREVIOUS WORK ON THE OPTIMISATION OF 
BOOSTER FANS 
There have been a number of previous studies which have 
employed a range of mathematical solution techniques to 
determine the optimal airflow distribution and the ideal lo-
cation and duty of installed fans and regulators (Lowndes 
and Tuck, 1996). An algorithm has been studied for the se-
lection of the optimum combination of main and booster 
fans in underground mines (Calizaya, et a/., 1987). There-
after, a computer program for the selection of the optimum 
combination of fans and regulators in underground mines 
was developed (Calizaya, et a/. , 1988). Moll and Lowndes 
( 1994) investigated the application of this method to a study 
of booster fans in underground UK coal mines. 
These studies are all based on empirically derived rela-
tionships that define a linear relationship between the fan 
pressures and the regulator resistances that may be added 
within the vicinity of the fixed-air-quantity branches. 
The above studies used a ventilation simulator, based 
upon the VNET (McPherson, 1 %6) ventilation code, and 
employed the following algorithmic approach: 
1. Firstly, a booster fan was positioned into a single pre-
defined branch in the network. 
2. Secondly, the booster fan pressure is initially set at a 
fixed pressure value whilst the main fan pressure is 
allowed to vary over a given range. For every pair of 
main and booster fan pressures, the ventilation 
simulator determined the following network data: 
• branch air flows 
• frictional pressure drops 
• airpower losses in airways 
• ventilation cost of each airway 
• fan operation points ( pressures and airflows ) 
• duties of required regulators and booster fans 
• inflow rates of mine gases and the resultant 
general body branch concentrations (if re-
quired). 
To determine the optimum combination of fan pres-
sures requires a study of the following two variables: 
(i) the regulation resistance or booster fan added to a 
specified fixed-air-quantity branch and (ii) the total air-
power consumed by the ventilation network. The total 
system airpower, which is the objective function to be 
minimised, is the sum of main fan airpower( s) and the 
booster fan airpower(s). 
3. Thirdly, for the given fixed booster fan pressure the 
values of the regulation resistances, which require to be 
added to the ftxed-air-quantity branches, are plotted 
against the specified range of main fan pressures. A lo-
cal optimal solution may be determined from an analy-
sis of these graphs. 
The above procedure is repeated over range of different 
fixed booster fan pressures. By an examination of all of the 
resultant graphical plots, the ventilation engineer is able to 
detennine the global optimal solution for the given network. 
The procedure to determine the global optimum solution 
using the above method is often quite time consuming and 
complex. The genetic algorithm program described in this 
paper offers the advantage of being able to analyse simulta-
neously the three ventilation network variables: (i) main fan 
pressure, (ii) booster fan pressure, and (iii) booster fan 
branch position in the network. The main fan pressure can 
be input with a large range of fixed constant pressures. The 
booster fan pressures may be examined over a large range of 
fixed pressure values. The optimal booster fan location may 
be successively chosen and tested from amongst a set of 
pre-defined branches. The program utilises genetic algo-
rithm techniques to approach the optimal solution of the 
network. This method has the flexibility to consider the op-
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timal location and duty of multiple booster fans within a 
mine ventilation network. 
DEFINITION OF GENETIC ALGORITHMS 
It is intended to only give a very brief description of the 
mechanics of genetic algorithm operation in this paper, 
these theoretical details have been extensively detailed in 
other books (Davis, 1991; Goldberg, 1989). 
Genetic algorithms are search algorithms inspired by 
Darwin's theory of evolution. The method involves the ran-
dom generation of a family of possible solutions, each that 
represents a member of a gene pool. Each solution repre-
sents a particular combination of main fan pressure(s), 
booster fan pressure(s) and booster fan location(s). The 
strength of each solution or gene is represented by the total 
air power consumed by that particular combination of fans. 
The smaller the airpower consumed by the fans, the stronger 
is the solution (gene). At each stage of the solution process 
the stronger solutions (genes) are identified and allowed to 
breed, with the object of producing stronger and hence more 
optimal solutions. The process of breeding stronger solu-
tions involves three systematic steps called reproduction, 
crossover and mutation. 
The variables representing the operating duties of both 
the truiin and booster fans and the booster fan location(s) are 
first combined and encoded as a binary string. A population 
of these strings, each representing a possible solution to a 
problem, is initially created at random. Pairs of these solu-
tion strings are then systematically combined to produce 
offspring for the next generation. TI1e process may . involve 
the determination of hundreds of generations. Because the 
probability of a string reproducing is proportional to the 
goodness of the solution it represents, the quality of the so-
lution produced in successive generations tends to improve. 
The process is terminated when a pre-set iteration limit has 
been exceeded. 
There are many possible solutions to a given problem. 
~ch solution is made up of a combination of many interac-
tive variables. In the analysis of a large mine ventilation 
network, for example, the interactive variables are main fan 
~~e(s), booster fan pressure(s) and the booster fan po-
Sition(s) in the network. These variables interact with each 
other to determine the airflow distribution patterns and the 
total operating fan power costs of the network. 
Genetic algorithms have been successfully applied to 
study the optimisation of other analogous engineering sys-
tems, for example, pipeline engineering (David, eta/., 1987) 
and open pit scheduling (Denby, eta/. , 1996). 
GENETIC ALGORITHM FOR A UK COAL MINE 
NETWORK 
Genetic Algorithm Approach 
The Mine Envirorunental Engineering Research Group in 
the School of Chemical, Environmental and Mining Engi-
neering at the University of Nottingham has developed a 
genetic algorithm approach to the problem of optimising the 
mine ventilation system. The preliminary results of this re-
search have been detailed in two papers (Yang, et a/., 
1998a, 1998b). 
Encoding of the Network Variables 
Genetic algorithm start with the encoding the problem vari-
ables as strings that represent the solutions to the problem. 
Thus, the variables representing the operating duties of both 
the main and booster fans and the booster fan location(s) are 
first combined and encoded as a binary string. 
Genetic Algorithm Procedure 
A brief summary genetic algorithm procedure is provided in 
this section. Fundamentally, the methodology consists of a 
' survival of the fittest' approach in which populations of 
schedules reproduce and evolve until an 'optimum' solution 
is finally produced. The process is characterised by a num-
ber of stages: 
1. Creation of a starting population - a population of 
strings is produced randomly. This operation defines a 
single generation. 
2. Fitness calculation - Each string in the population is 
assessed for 'fitness' . Fitness is a measure of how well 
the network performs. This is typically a single value of 
total airpower consumed by all the fans. The ventilation 
network solver calculates this value, subject to the ad-
ditional resistance within any fixed-quantity branch 
must positive or zero. 
3. Reproduction - using a probability based approach (in 
which high fitness stnngs have more chance of repro-
duction) selected strings are copied into the next gen-
eration. 
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4. Genetic operators - strings are randomly modified, 
using operators such as cross-over and mutation. Some 
strings will improve, increasing their fitness value and 
chance of reproduction, whilst some strings will de-
grade, decreasing their chances of reproduction. 
5. Progress to the next generation- i.e. Step 2. 
To each starting population, the whole process tends to 
produce gradually fitter population of strings and can be 
terminated when the number of generations is greater than a 
pre-defined limit. 
The "best" solution after iteration of many starting 
populations. 
As genetic algorithm techniques use random choice as a 
tool to guide a search toward an optimal solution, a number 
of starting populations should be generated and tested. Fi-
nally, the "best" solution may be chosen from those solu-
tions produced among the starting populations. 
Genetic Algorithm Applied to an Extensive U.K. Coal Mine 
Ventilation Network. 
Network data. TI1e layout of the mine ventilation network 
is shown in Figure 1. This network is based upon the former 
Whitemoor colliery of the Selby Complex, North York-
shire. There are two longwall production faces and one 
longwall salvage face within the network. The two produc-
tion faces require 35.3 m3/s (74,797 cfm) and 24.0 m3/s 
(50,854 cfm) respectively and the salvage face of 8.0 m3/s 
(16,951 cfm) of fresh airflow. The variable pitch axial flow 
main fan installed at the mine had been to operate at a fixed 
pressure of 4,000 Pa (16.06 in wg). 
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Figure 1. Schematic of the mine ventilation network. 
Four major optimisation studies have been conducted to 
this network, representing four different configurations of 
ventilation system: main surface fan, main surface fan 
working with either a single, two or three underground 
booster fans. 
Single surface fan system. In this case, the objective of 
the genetic algorithm routine is to determine the minimal 
duty of the main surface fan and the duty and location of 
the underground regulators that will fulfil the airflow re-
quirements of the mine. The main fan is assumed to be op-
erating over a range of fixed pressures. 
The data input for the genetic algorithm routine requires 
the single main fan pressure variable to be encoded as a 
binary string. The string was designated to have 10 bits, as 
illustrated in Figure 2. 
II' 0 I 0 It! 0 It! 0 It] 0 1 
Main fan pressure string 
Figure 2. The structure of composite binary string. 
The main fan pressure string contains 10 bits of O's or 
1's and may be used to represent 1,024 different fixed pres-
sure values. The main fan pressure was allowed to vary in 
increments of 20 Pa (0.08 in wg) over a pressure range of 
between 2,000 to 22,460 Pa (8.03 to 90.18 in wg). 
The genetic algorithm control parameters were set 
with (a) an initial population set consists of a total of 30 
strings, (b) a crossover rate of 0.6, (c) a mutation rate of 
0. 0 15 and (d) a total of 20 initial population sets to be 
tested. 
Table 1. Twenty local optimal solutions obtained from 20 
initial population sets. 
Starting Main fan Pres- Total Air-
Population sure power 
No. ( Pa) (kW) 
1 13,680 4,896.3 
2 13,680 4,896.3 
3 13,680 4,896.3 
4 13,680 4,896.3 
5 13,680 4,896.3 
6 13,660 4,885.7 
7 13,660 4,885.7 
8 13,660 4,885.7 
9 13.660 4,885.7 
10 13,680 4,896.3 
11 13,660 4,885.7 
12 13,660 4,885.7 
13 13,660 4,885.7 
14 13,680 4,896.3 
15 13,680 4,896.3 
16 13,660 4,885.7 
17 13,660 4,885.7 
18 13,660 4,885.7 
19 13,680 4,896.3 
20 13,660 4,885.7 
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Table 2. The "best" solution for the network ventilated by a 
single main surface fan. 
Main fan Additional Pressure Air Quan- .Airpower 
Position Resistance R p tity 
( N s2 /m8 ) ( Pa) Q( m3/s) (kW) 
Branch 91 13,660 357.66 4,885.7 
(723-1) 
FaceNo. 832 0.1656 8.00 
Face No. 837 0.0004 35.30 
Face No. 841 1.4927 24.00 
Total 4,885.7 
.Table 1 displays a summary of the 20 local optimal so-
lutions produced from 20 initial population sets. The resul-
tant global optimal ("best") solution produced is shown in 
Ta~le 2. In order to satisfactorily ventilate the mine a single 
~surface fan would be required to deliver air of 357.66 
m Is (757,846 cfm) at a pressure of 13,660 Pa (54.84 in wg) 
and co~e a total airpower of 4,885.7 kW (6,552 hp). 
~rom practical considerations, it may not possible to build, 
mstall or operate such a large main surface fan. 
Thus, an alternative optimisation solution might em-
ploy the application of a single or combination of the fol-
lowing strategies: ( 1) the provision of additional surface 
connections, (2) the application of underground booster 
fan(s), (3) the opening of additional parallel airways to in-
crea~e the air quantity and reduce pressure head losses, and 
(3 ~ .~prove the maintenance of doors and stoppings to 
nunumse leakage. 
The following sections will discuss the strategy of in-
stallation of booster fan(s). 
The application of one booster fan. In this case it is as-
sumed that a single underground booster fan may be in-
stalled to support the operation of the existing main surface 
fan. The variable pitch axial flow main fan was assumed to 
operate at a fixed pressure of 4,000 Pa (16.06 in wg). The 
booster fan was allowed to vary over a range of fixed pres-
sures. The optimal booster fan location was detennined 
from amongst a number of user-specified branches. 
The booster fan pressure infonnation was encoded as a 
~-binary string with eight bits, in the Figure 3. It has eight 
bits of O's or 1 's and may be utilised to represent 256 incre-
mental pressure points. The booster fan pressure is allowed 
to vary in increments of 30 Pa (0.12 in wg) over a pressure 
range of between 2,000 to 9,650 Pa (8.03 to 38.74 in wg). 
Booster fan location sub-string has a string of four bits 
~d the booster fan has the assumed flexibility to be located 
many one of the 16 branches, as in the Table 3. 
The genetic algoritlun control parameters were set as 
same as the above single main surface fan ventilation sys-
tem. 
The solutions produced indicated that the main fan 
Working with one booster fan was unable to deliver the re-
quired fresh air to the working faces . At less one other 
boost~r fan should be installed in one of the specified fixed-
quantity branc~es. Th.is violates the constraint that stipu-
la~es. that the ~stalla~on of booster fans is not permitted 
Withm fixed-arr-quantity branches. From an analysis of the 
program output and calculated network information, it can 
~ c?nclude~ ~t. more than one booster fan is required 
Within the crrcmt m order to satisfy the pre-specified fresh 
air distribution. 
0 1 
Booster fan pressure BF position • 
sub-strin sub-strin 
BF position: booster fan position in the network. 
Figure 3. The binary string for the application of one 
booster fan. 
Table 3. User-specified booster fan positions in network. 
Branch Junction No. Junction No. 
No. (From) (To) 
1 14 764 762 
2 20 772 767 
3 53 669 695 
4 56 702 698 
5 68 708 730 
6 73 711 708 
7 78 714 713 
8 83 718 719 
9 87 720 703 
10 94 732 707 
11 96 730 732 
12 97 731 720 
13 99 733 714 
14 102 736 735 
15 110 740 739 
16 113 743 741 
The following sections present a summary of the ge-
netic algorithm optimisation exercises performed to investi-
gate the installation of two and three underground booster 
fans within the network. 
The application of two booster fans. This study assumed 
that two underground booster fans might be installed to 
support the operation of the existing main surface fan in the 
ventilation of the mine. The main fan was also assumed to 
operate at a fixed pressure of 4,000 Pa (16.06 in wg). The 
two booster fans were allowed to vary over a range of fixed 
pressures. The booster fan location was detennined from a 
list of 16 user-specified branches in the Table 3. 
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The two booster fan pressure and location variables 
were encoded as a binary string, shown in the Figure 4. 
2n Booster fan 
pressure 
sub-strin 
BF position: booster fan position in the network. 
Figure 4. The binary stringfor the application of two 
booster fans. 
0 
Each of the two booster fan pressures was encoded as 
sub-binary to represent 256 incremental pressure points. 
The booster fan pressures were allowed to vary over the 
pressure range 500 to 5,600 Pa (2.01 to 22.48 in wg) in in-
crements of 20 Pa (0.08 in wg). Each of the two booster fan 
location sub-strings has a bit length of four. 
The local optimal solutions produced by twenty initial 
population sets are shown in Table 4. The resultant global 
optimal solution determined is shown in the Table 5. This 
solution indicates that the ventilation network consumes a 
total fan airpower of 1,274.1 kW (1,709 hp). The main fan 
delivers an air quantity of 219.7m3/s (465,522 cfm) at a 
pressure of 4,000 Pa (16.06 in wg). The first booster fan, 
installed in branch 14 (junctions 764-762), delivers an air 
quantity of 44.1 m3/s (93,443 cfm) at a pressure of 1,060 Pa 
(4.26 in wg). The second booster fan, installed in branch 
nmnber 73 (junctions 711-708), delivers an air quantity of 
88.5 m3/s (187,523 cfm) at a pressure of 3,940 Pa (15.82 in 
wg). 
It can be observed that the two fans are determined to 
be located separately in each of the two high resistance 
limbs of the network. The first booster fan, located in 
branch 14 (junctions 764-762), provides the additional air-
power required to deliver the pre-specified fresh airflow to 
the longwall working face No. 841. The second booster fan, 
located in branch 73 (junctions 711-708), provides the ad-
ditional airpower required to deliver the pre-specified fresh 
airflows to the working longwall face (No. 837) and the 
salvage face (No. 823) located in the other limb of the net-
work. 
Application of three booster fans. The main fan again is 
assumed to be operating at a fixed pressure of 4,000 Pa 
(16.06 in wg). Three booster fans are installed underground 
to support the surface fan to ventilate the network and all 
three booster fans operate with a fixed pressure. Fan posi-
tion of each booster fan can be positioned in one of the 16 
user-prescribed branches in the Table 3. 
The three booster fan pressure and booster fan branch 
position variables were encoded as a binary string, shown in 
the Figure 5. 
Each of the three booster fan pressures was encoded as 
sub-binary strings of eight-bit length to represent 256 in-
cremental pressure points. The booster fan pressures were 
allowed to vary over the ·pressure range 500 to 5,600 Pa 
(2.01 to 22.48 in wg) in increments of20 Pa (0.08 in wg). 
Each of the three booster fan location sub-strings has four 
bits to represent 16 different branches. 
Table 4. Twenty local optimal solutions from 20 starting 
populations. 
Starting Total 1 at booster fan 2nd booster fan 
Population Airpower Pressure Branch Pressure Branch No. (kW)* ( Pa) No. ( Pa) No. 
1 1,591.9 1,140 14 4,980 94 
2 1,619.2 1,780 83 5,060 73 
3 1,692.9 2,000 97 5,140 96 
4 1,431.2 1,140 14 4,020 73 
5 1,447.1 1,340 83 3,980 73 
6 1,423.6 1,140 14 3,960 73 
7 1,646.5 1,780 83 5,000 96 
8 1,501.2 1,460 83 4,340 73 
9 1,431.2 1,140 14 4,020 73 
10 1,583.4 1,140 14 4,920 94 
11 1,484.3 1,780 83 4,020 73 
12 1,422.8 1,000 14 4,020 73 
13 1,416.3 1,060 14 3,940 73 
14 1,697.4 2,160 97 5,080 96 
15 1,492.7 1,340 83 4,340 73 
16 1,431.2 1,140 14 4,020 73 
17 1,431.2 1,140 14 4,020 73 
18 1,464.6 1,020 14 4,340 73 
19 1,498.1 1,560 83 4,260 73 
20 1,423.0 1,020 14 4,020 73 
* The total arrpower mcludes the Natural Ventilation Pres-
sure airpower. 
Table 5. The "best" solution for the network for applica-
tion of two underground booster fans. 
Additional Pressure Air Quan-
Fan Posi- Resistance R p tity ~ower 
tion (N s2 /m8 ) ( Pa) Q ( m3/s) (kW1 
Main fan Branch 91 4,000 219.7 878.7 
1st booster fan Branch 14 1,060 44.1 46.7 
2110 booster fan Branch 73 3,940 88.5 348.7 
Face No. 832 0.1661 8.0 
Face No. 837 0.0006 35.3 
Face No. 841 0.0712 24.0 
Total 1,274.1 
Figure 5. The binary string for the application of the three 
underground booster fans. 
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Further sensitive studies were conducted on the genetic 
algorithm control parameters, e.g., the number of strings 
within an initial population set. The program has been 
tested using either 30 strings or 60 strings for each of the 
initial population sets, whilst keeping same a crossover rate 
of0.6, mutation rate of0.015. 
Table 6 displays a summary of the 20 local optimal so-
lutions produced from 20 initial population sets each having 
a population size of 30. Table 7 shows a summary of the 20 
local optimal solutions produced when applying the popu-
lation size of 60. The data in these two tables is presents the 
determined airpowers in ascending order. 
By performing an analysis of the data contained within 
the two tables, it is observed that the genetic algorithm per-
forms more efficiently as the population size is increased 
from 30 to 60. Nine out of 20 initial population sets has 
obtained a reasonable solution with the population size of 
30. The number increases to 13 out of 20 with a population 
size of 60. In addition, solutions that are more desirable 
were produced when population size of 60 utilised. It is 
recommended that bigger population size should be applied 
when there are a larger number of network variables to be 
evaluated. 
Table 6. Twenty local optimal solutions from 20 starting 
populations (population size= 30). 
Start Air- 181 boo!>ter fan 2"d booster fan 3ro booster fan 
Popu. power 
No. (kW) Press. Bra. Press. Bra.* Press. Bra.* ( Pa) * ( Pa) ( Pa) 
1 1,369.8 1,140 94 2,120 97 2,420 110 
2 1,525.8 1,780 53 2,480 56 2,420 113 
3 1,575.8 1,780 53 2,500 56 3,100 113 
4 1,584.7 1,800 53 3,060 56 2,360 110 
5 1,631.3 1,780 53 3,060 56 3,060 113 
6 1,704.3 3,060 53 3,060 56 1,780 113 
7 1,754.3 3,320 53 3,060 56 2,000 113 
8 1,706.4 3,060 53 3,080 56 1,780 110 
9 1,706.4 3,060 53 3,080 56 1,780 110 










-- -- -- --
-- --
--
20 NIA NIA N/A NIA NIA NIA N/A 
*Bra. : branch number in the network 
The resultant global optimal solution is shown in the Table 
8. This solution indicates that the ventilation network con-
sumes a total fan airpower of 1,192.2 kW (1 ,599 hp). The 
main fan delivers an air quantity of 220.0m3/s (466,158 
cfm) at a pressure of 4,000 Pa (16.06 in wg). The first 
booster delivers an air quantity of 71.4 m3/s (151 ,289 cfm) 
at~ pressure of 1,020 Pa (4.10 in w§). The second boostei 
delivers an air quantity of 56.5 m /s (119,718 cfm) at a 
P~sure of 1,780 Pa (7.15 in wg). The third booster, finally, 
debvers an air quantity of 55 .4 m3/s (117,387 cfm) at a 
Pressure of2,500 Pa (10.04 in wg). 
Table 7. Twenty local optimal solutions from 20 starting 
populations (population size= 60). 
Start Air- 1• booster fan 2110 booster fan 3"' booster fan 
Popu. power 
No. (kW) Press. Bra. Press. Bra.* Press. Bra.* ( Pa) • ( Pa) (Pa) 
1 1,334.6 1,020 96 1,780 97 2,500 110 
2 1,335.3 1,080 68 1,780 97 2,420 110 
3 1,341.6 1,140 68 1,780 97 2,420 110 
4 1,386.6 1,780 87 1,140 94 3,060 113 
5 1,421.7 1,780 53 1,860 87 2,180 . 110 
6 1,441.7 1,480 53 1,800 87 3,060 113 
7 1,534.8 1,780 53 2,500 56 2,520 113 
8 1,554.7 1,780 53 2,760 56 2,420 113 
9 1,590.7 1,680 53 3,160 56 2,500 110 
10 1,624.0 2,060 53 3,080 56 2,440 110 
11 1,674.6 3,060 53 2,760 56 1,800 110 
12 1,700.0 3,140 53 3,060 56 1,560 117 
13 1,704.3 3,060 53 3,060 56 1,780 110 
14 NIA NIA N/A N/A NIA N/A NIA 
15 
-- -- - -- -- -- --
-- -- -- - -- -- -- --
19 
-- -- -- -- -- -- --
20 NIA NIA NIA NIA NIA N/A NIA 
*Bra. : branch number m the network 
Table 8. The "best" solution for the network for application 
of tlrree booster fans. 
Additional Pressure AirQuan-
Fan Posi- Resistance R p tity Airpower 
tion (N s2 /m8 ) ( Pa) 0 (m3/s) (kW) 
Main fan Branch 91 4,000 220.0 880.2 
1st booster fan Branch 96 1,020 71.4 100.6 
2nd booster fan Branch 97 1,780 56.5 72.8 
3rd booster fan Branch 110 2,500 55.4 138.6 
Face No. 832 0.0003 8.0 
Face No. 837 0.3373 35.3 
Face No. 841 0.0476 24.0 
Total 1,192.2 
From the Figure 1, the three fans are distributed between 
the two high resistance limbs of the network. The first and 
third booster fans, located in branches 96 (junctions 730-
732) and 110 (junctions 740-739) respectively, are both 
installed in the high resistance limb of the network venti-
lating both the longwall working face (No. 837) and salvage 
face (No. 823). The second booster fan, located in branch 
97 (junctions 731-720), provides the additional airpower to 
ventilate the high resistance limb containing the single 
longwall working face (No. 841). 
CONCLUSION 
In tltis paper, the application of a genetic algorithm to a 
large mine ventilation network has been examined. The 
genetic algorithm method determines the minimum air-
power consumption of a given mine network by the selec-
632 PROCEEDINGS OF THE 8TH US MINE VENTILATION SYMPOSIUM 
tion of the best: (i) main fan pressure; (ii) underground 
booster fan pressure; and (iii) booster fan location in the 
network. 
The method has flexibility and efficiency to consider the 
optimal location and duty of multiple booster fans within a 
mine ventilation network. It may be used to identify signifi-
cant operational cost savings over the life of a mine. 
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